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0 A process for producing a released film made of 
at least two layers (14,16), one or more of which (16) 
has been formed by a vapour deposition technique. 
The process involves anodizing a metal substrate 
(10,12) comprising a valve metal or valve metal alloy 
(12) to form an anodic oxide layer (14) on the 
substrate, the anodization being carried out in the 
presence of an adhesion-reducing agent (e. g. flu- 
oride) which makes the anodic layer (14) detachable 
from the valve metal (12), coating the anodic layer 
(14) with one or more layers of desired materials 
(16) by a vapour deposition technique (e. g. sputter- 
ing or vacuum evaporation, etc. ) to form a film of 
desired structure (14.16) which is releasable from 
the metal substrate (10.12), and then detaching the 
releasable film from the metal substrate. The film 
can. if desired, be transferred to another substrate 
(18) by attaching the other substrate to the releas- 
able film (14,16) before the releasable film is de- 
tached from the metal substrate. The process makes 
it possible to provide free-standing vapour deposited 
films or heat-sensitive (or other) substrates coated 
with such films. 
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A PROCESS FOR PRODUCING RELEASED VAPOUR DEPOSITED FILMS 



This invention relates to a process for produc- 
ing released films comprising layers formed by 
vapour deposition techniques, to the released films 
so produced, and to substrates coated with the 
released films by a transfer process. 

In thin film technology, methods to release 
films from the substrates on which they have been 
formed are of widespread interest. These may be 
used, for example, to obtain free-standing films 
such as metal foils. Another common application is 
to realize a given coating on a specific substrate 
that is incompatible with the desired deposition 
process for that coating; this is based on a transfer 
process in which the coating is first deposited onto 
a compatible substrate, the coated substrate is 
then bonded to the substrate of interest following 
which the original substrate is removed, thus re- 
leasing the coating from the original substrate and 
transferring it to the substrate of Interest. By in- 
compatible substrate, we mean one that would be 
adversely affected by the deposition process, or 
conversely, one that would have an adverse effect 
on the deposition conditions or equipment In the 
case of vapour deposition techniques, an example 
of the former is a thermally sensitive plastic sub- 
strate that would be degraded by heat generated in 
the deposition process. An example of the latter is 
a paper substrate that would generate such a water 
vapour outgassing load that required operating con- 
ditions in vacuum deposition processes could not 
be achieved. 

Several such release techniques are well 
known in the art of thin film deposition using vap- 
our processes such as sputtering, evaporation and 
chemical vapour deposition. One technique is the 
use of particular substrate materials or coated sub- 
strates to which the film of interest Is only weakly 
adhering and from which it may be peeled; exam- 
ples of these include polytetrafluoroethylene, 
polytetrafluoroethylene-coated materials, and highly 
polished stainless steel. A second technique is the 
use of a parting layer deposited onto the substrate 
prior to deposition of the film of interest; the parting 
layer is dissolved in from the edges of the sample 
to release the film. Many usable parting layer ma- 
terials are known including inorganic materials .such 
as sodium chloride and calcium fluoride which are 
deposited by evaporation and are soluble in water, 
as well organic films such as cellulose acetate 
deposited by casting and which is soluble in amyl 
acetate. These and other parting layers are dis- 
cussed for example in the review article The Prep- 
aration and Use of Unbacked Metal Films as Filters 
in the Extreme Ultraviolet' by W. Ft. Hunter in the 
monograph 'Physics of Thin Rims', volume 7. Aca- 



demic Press, 1973. p. 43. A third release technique 
is simply to deposit the film of interest onto a 
substrate that can be completely dissolved away. 
The use of thin plastic sheet for this purpose is 
5 disclosed in U. S. Patent number 4,434,010 issued 
on February 28, 1984 to Optical Coating Laboratory 
Inc. 

Each of these techniques is useful in specific 
applications but all have disadvantages that limit 

io their effectiveness or general applicability. They 
may themselves involve heat-sensitive or outgas- 
sing materials (organic parting layers), have spe- 
cific crystallinity or surface roughness that may 
impose undesired growth modes on the film of 

75 interest (sodium chloride parting layer), involve sol- 
vents that may attack the film of interest or the 
substrate to which it is transferred, or require ex- 
cessive dissolution times as in the above cited 
patent These constraints are particularly significant 

20 in the field of optical coatings where dielectric films 
on plastic substrates are of interest These typically 
involve oxide materials evaporated at high tem- 
perature due to their high melting points as well as 
other materials such as magnesium fluoride that 

25 needs to be deposited at a substrate temperature 
in excess of 200* C to secure good film properties. 

Accordingly there is a need for release technol- 
ogies to be used with vapour deposition processes, 
that do not require a dissolution step, and are 

30 based on materials that are inert and thermally 
stable over the range of operating conditions for 
these processes, and provide a smooth, homo- 
geneous and amorphous surface for deposition. 
An object of the invention is to provide a pro- 
as cess for producing released films that satisfies 
some or all of the above requirements. 

According to the invention there Is provided a 
process for producing a released film made of a 
plurality of layers of material, at least one of which 

40 has been formed by a vapour deposition technique, 
said process comprising: providing a metal sub- 
strate made of a valve metal or an anodizable valve 
metal alloy, at least at an exposed surface thereof; 
subjecting said metal substrate to anodization at 

<5 said exposed surface to form an anodic layer of an 
oxide of said valve metal, said anodization being 
carried out, at least in limited areas of said surface, 
in the presence of an adhesion-reducing agent in 
order to make said layer readily detachable from 

50 said substrate at least in said limited areas; coating 
said anodic layer with at least one layer of material 
by a vapour deposition process to form a releas- 
able film of desired structure; and detaching said 
releasable film from said metal substrate. 

Bv thft tRITO "rfllPa^rl film" wo mo*m a fflm 



3 



EP0 381 509 All 



4 



/ 



that is detached from a substrate on which it was 
originally fabricated either to form a free-standing 
film or to form a coating on another substrate. 

By the term "releasable film" we mean a film 
that is detachable from a substrate on which it was 
originally fabricated. 

By the term "vapour deposition process" we 
mean processes, such as sputtering, electron beam 
evaporation and low pressure chemical vapour de- 
position, that are carried out in evacuated cham- 
bers and involve the generation of heat during the 
process. 

The invention is described in more detail below 
with reference to the accompanying drawings, in 
which: 

Figs. 1(A) - 1(E) are cross-sections showing 
the structures resulting from various steps in a 
preferred embodiment of the process of the 
present invention; 

Fig. 2 shows coated products produced by 
modifications of the procedure shown in Fig. 1; 

Fig. 3(A) and (B) show a structure suitable 
as a dielectric enhanced reflector before and after 
detachment from a metal substrate; 

Fig. 4 shows a simplified dielectric enhanced 
reflector; and 

Figs. 5 and 6 illustrate equipment suitable 
for operation of the process on a continuous basis. 

The relative thicknesses of various layers 
shown in the drawings are not intended to be to 
scale. 

In the present invention, releasable films are 
first fabricated on particular metal substrates. Such 
metal substrates are compatible with vapour depo- 
sition processes because they themselves are not 
damaged or deformed by heat. Moreover, the met- 
al substrate acts as a "heat sink", its high con- 
ductivity and heat capacity causing heat from a 
depositing layer to be drawn away to the metal 
substrate, thus minimizing deformation and dam- 
age within the film itself. While vapour deposition 
has previously been used for coating metals, the 
resulting coating layers were not normally detacha- 
ble from the substrate. In the present invention, the 
coating is made releasable by first forming a de- 
tachable valve metal oxide layer on the metal sub- 
strate and then vapour depositing layers of desired 
materials on the oxide layer. Anodic oxide layers 
normally adhere tenaciously to the metals on which 
they are formed, but such layers can be made 
readily and uniformly detachable if the anodization 
is carried out in the presence of an adhesion- 
reducing agent. 

The releasable film can be removed intact by 
attaching a suitable material to the exposed outer 
surface of the film and then peeling the material 
and attached film from the metal substrate (or vice 
versa if the metal substrate is flexible). If it is 



desired to coat a second substrate with the re- 
leased film, then the material used for detachment 
of the film can be the second substrate or an 
intermediate substrate by which the film is subse- 

5 quently transferred to form the final product if an 
extensive free-standing released film is required, 
the releasable film can first be detached from the 
metal substrate by attachment of the suitable ma- 
terial and peeling, followed by removal of the ma- 

io terial from the released film, i. e. by dissolving, 
oxidizing or decomposing the material. If the film is 
desired in the form of small flakes or particles, the 
releasable film can be removed directly from the 
metal substrate, e. g. by scraping, abrasion, 

75 scratching or the like. 

The metals which are susceptible to the 
adhesion-reducing effect when anodized are the 
valve metals, e. g. Ta, Nb, Zr, Hf, Ti etc. and alloys 
containing these metals (e. g. alloys with Al or 

20 alloys of two or more of the valve metals them- 
selves). Tantalum and niobium are particularly pre- 
ferred. These metals and alloys form barrier oxide 
films when anodized in suitable electrolytes. Nor- 
mally, the thickness of the anodic film depends on 

25 the voltage employed during the anodization step, 
with thicker films being formed at higher voltages. 
If the anodic film is required only for its release 
properties, low voltages may be employed (e. g. up 
to about 30V) but if the anodic film is required for 

so its inherent properties, then higher voltages nor- 
mally up to about 300 V may be chosen in order to 
form thicker films. The techniques of anodizing 
valve metals to form barrier oxide films are well 
known to persons skilled in the art, e. g. as de- 

35 scribed by L. young in the monograph in "Anodic 
Oxide Rims", Academic Press, 1961, the disclo- 
sure of which is incorporated herein by reference. 
The anodization takes place very quickly and nor- 
mally takes only seconds or minutes. The proce- 

40 dure is normally carried out at ambient tempera- 
ture. 

The adhesion-reducing agents are ions which, 
when present during the anodization step, weaken 
the adhesion between the growing anodic film and 

45 the underlying valve metal. The most preferred 
adhesion-reducing agent is fluoride which may be 
introduced in the form of a simple salt, e. g. NaF 
and KF, or in the form of complex salts, fluorine- 
containing compounds or acids, e. g. hydrofluoric 

so acid or fluoroboric acid. The agent may be added 
to the electrolyte or coated on the surface of the 
valve metal prior to the anodization step. Generally, 
quite small amounts of the adhesion-reducing 
agent are required; for example, when the agent is 

55 fluoride, the amount can be as low as about O. 
003% by volume (more preferably at least 0. 05 % 
by volume) of the electrolyte. However, the desired 
levels in any particular case can be determined by 
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simple trial and experimentation. 

If desired, some limited areas ol the anodic 
layer may be made detachable whereas the re- 
maining areas may be non-detachable. This can be 
achieved by exposing only the desired detachable 
areas to the adhesion-reducing agent during the 
anodization step, e. g. by masking the non-de- 
tachable areas, carrying out an initial anodization in 
the presence of the adhesion-reducing agent, re- 
moving the mask, and then re-anodizing in an 
electrolyte containing no adhesion-reducing agent. 
This allows the releasable film to be made in a 
particular pattern or shape, which may be desirable 
for certain applications. 

Since valve metals are usually quite expensive, 
the metal substrate is normally made up of foil, 
sheet or plate of an inexpensive co-anodizable 
metal (e. g. aluminum) having a thin coating of the 
valve metal on one surface. The valve metal layer 
can be formed by any suitable technique. However, 
vapour deposition techniques, e. g. physical vapour 
deposition (PVD) and chemical vapour deposition 
(CVD) are preferred because the characteristics of 
the resulting valve metal layer make subsequent 
separation of the anodic layer highly reliable over 
large areas. Sputtering and vacuum evaporation are 
the most preferred techniques. The valve metal 
layer need only be very thin, although the thick- 
ness should be great enough to avoid complete 
consumption of the metal during anodization. Gen- 
erally the layer thickness should be at least 250A. 
As an example, a 300A coating of Ta can be 
deposited on an aluminum foil at speeds in the 
order of 50 feet per minute by a vacuum sputtering 
procedure. If desired, however, the metal substrate 
may be made entirely of the valve metal or alloy in 
the form of a foil, sheet, plate etc. This becomes 
economical if the valve metal is used repeatedly as 
a substrate for the film deposition. 

When the anodic layer has been formed, at 
least one additional layer is deposited onto the 
anodic layer. For example, materials such as ox- 
ides, nitrides, carbides or metals can be deposited 
by vapour deposition techniques. These deposition 
methods can be operated at high speeds because 
the anodized metals can sustain higher tempera- 
tures than, for example, a plastic substrate, and the 
heat is quickly conducted through the coating by 
the underlying metal substrate. As many different 
layers as desired can be formed in this way. 

When the resulting releasable film is detached 
from the metal substrate by adhering a material to 
the outer surface and peeling, the resulting re- 
leased film forms a coating on the material having 
an order of layers inverse to that in which the 
layers were formed and having a valve metal oxide 
layer at the outermost surface. The material at- 
tached to the released film may be flexible or 



relatively inflexible (in which case the metal sub- 
strate should be flexible to facilitate peeling) and 
may be attached directly to the releasable film 
prior to its detachment (e. g. by heat sealing) or 

5 indirectly via glue or adhesive. This material is 
normally one which is itself incompatible with vap- 
our deposition techniques, e. g. low melting point 
polymers, paper, textiles, wood, etc. and/or one 
which can be readily removed from the released 

70 film, e. g. a soluble polymer (such as polyvinyl 
alcohol) or one which can be oxidized or decom- 
posed by irradiation etc. Since the attachment of 
the material to the releasable film can be carried 
out by a variety of methods, many materials can be 

is used for the detachment of the releasable film, and 
hence can be coated with the release film. Heat 
sealable polymers (e. g. polyester and poly- 
propylene) which can be adhered to the release 
film at temperatures between 50-150° C are per- 

20 ticularly useful. The material is normally in the form 
of a flat sheet, but shaped or contoured structures 
could alternatively be employed, provided the re- 
leasable film and substrate metal could be made to 
conform to the adhering surface of the material. 

25 Once the releasable film has been attached to 
the material and detached from the substrate met- 
al, the outermost layer of valve metal oxide can, if 
desired, be covered with one or more layers of 
additional material by any technique that does not 

30 cause damage, distortion or outgassing from the 
coated material. For example, if a metal coating is 
desired, this can be achieved by D.C. magnetron 
sputtering, which can be carried out at a fairly high 
rate without damage fin contrast to RF sputtering of 

as oxides), or by electroless plating. 

The accompanying drawings show various 
steps in preferred embodiments of the process of 
the invention and the resulting structures. 

Fig. 1(A) shows an initial structure compris- 

40 ing a heavy aluminum web 10 having a thin Ta 
coating 12. Fig 1(B) shows the same structure 
following anodization of the Ta in an electrolyte 
containing an adhesion-reducing agent (e. g. NaF). 
A loosely-adhering anodic layer 14 is formed on 

45 the Ta surface. In Fig. 1(C) the anodic layer has 
been coated by sputtering with a film 16 of interest 
(with a layer 16 of oxide, for example). As shown in 
Fig. 1(D) the resulting structure is then coated with 
a polymer substrate 18, preferably by a tow tem- 

so perature heat sealing technique. Fig. 1(E) shows 
the coated polymer substrate following detachment 
from the metal (10 and 12) and inversion. 

Fig. 2 shows the same structure of Fig. 1(E) 
except that an additional coating 20 has been ap- 

55 plied to the tantalum oxide layer 14 by D. C. 
magnetron sputtering or electroless plating, for ex- 
ample. 

The present invention, especially when Ta is 
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used as the valve metal, is particularly suited to the 
production of optical multilayer films which exhibit 
desirable optical effects and which for many ap- 
plications are supported on a plastic substrate. It 
will be observed that in the present process, a 
layer of Ta oxide is inevitably transferred along 
with the film structure of interest and is present as 
a top layer on the transferred structure. For many 
optical structures, this Ta oxide layer can be incor- 
porated advantageously within the design of the 
structure. Optical structures typically comprise a 
stack of alternating layers of a low refractive index 
dielectric material and a high refractive index di- 
electric material or alternating dielectric and thin 
metal layers. The dielectric layers in such struc- 
tures usually have an optical thickness i. e. actual 
thickness multiplied by index of refraction, which is 
close to a multiple of 1/8 the wavelength of light for 
which the structure is designed i. e. L/2, L or 2L or 
H/2. H or 2H, where L and H denote a quarterwave 
optical thickness of low and high index layers re- 
spectively. Exemplary dielectric combinations are 
zinc sulfide (index n * 2.36) with magnesium flu- 
oride (n = 1. 38) and titanium dioxide (n = 2.2-2.7 
depending on structure) with silicon dioxide (n = 
1.46), although a variety of other dielectric materi- 
als are also used. Examples of such materials and 
layer designs for applications such as anti-reflec- 
tive coatings, filters, polarizers and others are given 
in the monograph 'Thin Film Optical Filters' by A. 
Macleod. Macmillan Publishing Co. 1986, the dis- 
closure of which is incorporated herein by refer- 
ence. 

The present film release method is found to 
work effectively for Ta oxide layers obtained by 
anodizing at voltages of about 20V and higher i. e. 
for an anodic film thickness greater than about 33 
nm. The index of refraction of anodic Ta oxide is 
222 so that an eighthwave thickness of this ma- 
terial at a design wavelength of 550 nm, i.e. in the 
middle of the visible spectrum, is 31 nm. Thus 
optical layers of interest greater than an eighthwave 
are readily accessible by the anodizing step of the 
present process. This together with the high index 
of anodic Ta allows the transferred anodic film to 
substitute for the high index layer in a design 
having such a layer as the outermost one. An 
important aspect of the anodizing process is that 
anodic film thickness can easily be controlled via 
the forming voltage to well within optical tolerances 
since each volt corresponds to only 1.7 nm of 
anodic film. 

In situations where an outermost high index 
layer is not called for in the design, the Ta oxide 
layer can be made optically thick so as to be 
innocuous. Thus the present process is found to 
work effectively for anodizing voltages up to the 
breakdown voltage of anodic Ta oxide which is in 



excess of 300V. The corresponding maximum ac- 
cessible oxide film thickness is thus about 500 nm 
leading to an optical film thickness greater than two 
wavelengths in the middle of the visible spectrum. 

5 Alternatively, the anodic film thickness can be con- 
trolled to be precisely one wavelength in optical 
thickness at the design wavelength, so as to have 
no influence on the behaviour of the underlying 
structure. In these situations, and in others where 

70 the behaviour of the structure of interest is not 
sensitive to the presence of an additional outermost 
layer, the Ta oxide layer may be used as a protec- 
tive layer. 

Figs. 3 and 4 depict exemplary types of optical 
75 structures which act as enhanced reflectors based 
on the standard design AI(LH) n consisting of n 
alternating pairs of quarterwave dielectric layers 
with the first low index layer adjacent to an opaque 
AI reflector layer and a final high index layer. 
20 Fig. 3(a) shows the structure just prior to de- 
tachment from the metal substrate and Fig. 3(b) 
shows the resulting inverted released structure. 
The structure is built up on a tantalum 30 coated AI 
foil 31 anodized (in the presence of F*) to 37.1 V 
25 to form a Ta 2 05 anodic layer 32 having a thickness 
of 61.9 nm or a quarterwave at a design 
wavelength of 550 nm. The structure comprises 
alternating layers of Si02 33, 34 and and Ti02 36, 
37 formed by RF or reactive sputtering or evapora- 
30 tion, and an outer AI layer 38 formed by sputtering 
or evaporation. A polyester substrate 39 is lami- 
nated to the top of the structure and the metal foil 
substrate 31 is peeled away. The resulting transfer- 
coated polyester shown in Fig. 3(b) exhibits en- 
35 hanced reflectance in the middle of the visible 
spectrum compared to a similar polyester sheet 
metallized directly with AI alone. 

Fig. 4 shows a minimal two layer enhanced 
reflector design produced in the same way. The 
40 reflector consists of a polyester substrate 39, an AI 
layer 38, an S1O2 layer 33 and a Ta 2 Os layer 32. 
Even in this minimal structure, the reflectance is 
increased to 96% compared with 92% for bare AI 
in the middle of the visible region. 
45 The process of the present invention, when 
used on a commercial scale, can readily be adapt- 
ed to continuous production, e. g. by using the 
apparatus as shown in Fig. 5. In this apparatus, a 
drum 40 made of valve metal is slowly rotated in 
50 the direction of the arrow. A bath 41 containing an 
electrolyte 42 (which includes an adhesion-reduc- 
ing agent) is positioned so that the drum dips into 
the electrolyte and anodization is effected. A wash- 
ing station 43 washes the drum as it emerges from 
55 the bath and a drying station 44 dries it. Sputtering 
or evaporation devices 45, 46, and 47 apply suc- 
cessive layers of desired material and then a heat 
sealable sheet 48, fed off a payoff roll 49, is 
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pressed against the drum by a heated roller 50. 
The sheet 48 adheres to the film on the drum and 
the film transfers from the drum to the sheet. The 
coated sheet is then wound onto take-up roll 51. 

An alternative apparatus is shown in Fig. 6. In 
this apparatus an aluminum foil 60 having a tan- 
talum coating is fed from a payout roll 61 through 
an electrolysis tank 62 containing an electrolyte 63 
which is doped with a fluoride, e. g. Hf. Anodization 
of the foil takes place as the foil passes through 
the tank 62 by virtue of the anodization circuit 
which includes accumulator 64, sliding contact 65, 
the foil 60, the electrolyte 63 and the tank 62. As 
the anodized foil emerges from the tank It is 
washed at rinse station and dried at drying station 
67. The foil is then provided with a layer of in- 
organic material at station 68 by an evaporation 
process, the layer being deposited on the Ta- 
bearing side of the foil. The coated foil passes 
around a heated drum 69 where it contacts a heat- 
sealable plastic substrate 70 in the nip formed 
between drum 69 and a counter drill roll 71. The 
coating film on the foil 60, which includes an an- 
odic Ta20s layer and the layer of inorganic ma- 
terial, is transferred to the plastic substrate 70. The 
stripped foil is collected on take up roll 73 for re- 
use and the plastic substrate bearing the released 
film 74 is collected on take up roll 75. 



Claims 

1 . A process for producing a released film 
made of a plurality of layers of material by forming 
said plurality of layers on a substrate and releasing 
said layers from said substrate, characterized in 
that 

said substrate comprises a valve metal or an an- 
odizable valve metal alloy, at least at an exposed 
surface thereof; 

said substrate is subjected to anodization at said 
exposed surface to form an anodic layer of an 
oxide of said valve metal, said anodization being 
carried out, at least in limited areas of said surface, 
in the presence of an adhesion-reducing agent in 
order to make said anodic layer readily detachable 
from said substrate, at least in said limited areas: 
said anodic layer is coated with at least one layer 
of material by a vapour deposition process to form 
a releasable film of desired structure; and 
said releasable film is detached from said sub- 
strate. 

2. A process according to Claim 1 character- 
ized in that said adhesion-reducing agent is a flu- 
oride. 

3. A process according to Claim 1 character- 
ized in that said adhesion-reducing agent is a sim- 
ple or complex fluorine-containing salt, a fluorine- 



containing compound or a fluorine-containing acid. 

4. A process according to claim 1, Claim 2 or 
Claim 3 characterized in that said adhesion-reduc- 
ing agent is present in an electrolyte used for said 

5 anodization step, 

5. A process according to claim 4 character- 
ized in that the adhesion-reducing agent is a flu- 
oride and said fluoride is present in an amount of 
at least 0. 003% by volume of the electrolyte. 

io 6. A process according to any preceding claim 
characterized in that said valve metal is Ta, Nb, Zr, 
HforTi. 

7. A process according to any preceding claim 
characterized in that said valve metal is Ta or Nb. 
75 8. A process according to any preceding claim 
characterized in that said valve metal is Ta 

9. A process according to any preceding claim 
characterized in that said releasabte film is de- 
tached from said metal substrate by scraping, 

20 abrasion or scratching. 

10. A process according to any one of Claims 
1 to 8, characterized in that said releasable film is 
detached from the metal substrate by attaching a 
flexible material to the release film and using said 

25 flexible material to peel said releasable film from 
said metal substrate. 

11. A process according to any one of Claims 
1 to 8, characterized in that said metal substrate is 
flexible and said releasable film is detached from 

30 said metal substrate by attaching a material to said 
releasable film and peeling said metal substrate 
from said releasable film. 

12. A process according to any one of Claims 
1 to 8, characterized in that said releasable film is 

35 transferred to another substrate by attaching said 
other substrate to said releasable film prior to de- 
taching said film from said metal substrata. 

13. A process according to Claim 12 character- 
ized in that said other substrate is made of a 

40 material which is not suitable for coating by vapour 
deposition techniques. 

14. A process according to Claim 13 character- 
ized in that said other substrate is a bw melting 
polymer, paper, textile or wood. 

45 15. A process according to Claim 12 character- 
ized in that, following said transfer of said releas- 
able film to said other substrate, said film is trans- 
ferred from said other substrate to a third sub- 
strate. 

so 16. A process according to Claim 12 character- 

ized in that, following said transfer of said releas- 
able film to said other substrate, said other sub- 
strate is removed, leaving said released film free 
standing. 

55 17. A process according to Claim 16 character- 
ized in that said other substrate is removed by 
dissolving, oxidation or decomposition. 

18. A process according to Claim 12 character- 



11 



EP 0 381 509 M 



12 



ized' in that, following transfer of said releasable 
film to said other substrate, an exposed surface of 
said released film is coated with at least one layer 
of additional material. 

19. A process according to Claim 18 character- 
ized in that said exposed surface is covered with a 
layer of metal by sputtering, evaporation or elec- 
troless plating. 

20. A process according to any preceding 
claim, characterized in that said anodic layer is 
coated with at least one layer of at least one 
material selected from oxides, nitrides, carbides 
and metals. 

21. A process according to any preceding 
claim, characterized in that said anodic layer is 
coated with said at least one layer by a procedure 
selected from sputtering, vacuum evaporation and 
chemical vapour deposition. 

22. A process according to any preceding 
claim, characterized in that said anodization is car- 
ried out in the presence of an adhesion reducing 
agent in only limited areas of said metal substrate 
so that said release film is detachable in said 
limited areas but non-detachable in other areas of 
said metal substrate. 

23. A process according to Claim 1 , character- 
ized in that said anodic film is coated with alternat- 
ing layers of dielectric material of low and high 
refractive index and finally by a reflective metal 
layer in order to form, subsequent to said detach- 
ment step, a dielectric enhanced reflector. 

24. A process according to any preceding 
claim, characterized in that said metal substrate 
comprises a layer of a valve metal coated on a 
different metal. 

25. A process according to Claim 24 character- 
ized in that said layer of valve metal is at least 
250A thick. 

26. A process according to Claim 24 character- 
ized in that said different metal is a co-anodizable 
metal. 

27. A process according to Claim 26 character- 
ized in that said co-anodizable metal is aluminum. 

28. A process according to Claim 24 character- 
ized in that said layer of valve metal is coated on 
said different metal by a vapour deposition tech- 
nique. 

29. A process according to Claim 28 character- 
ized in that said vapour deposition technique com- 
prises sputtering or vacuum evaporation. 

30. A process according to Claim 1, Claim 2, 
Claim 3, Claim 4, Claim 5, Claim 6, Claim 7 or 
Claim 8, carried out on a continuous basis, char- 
acterized in that the process utilizes said metal 
substrate in the form of a rotating drum, and in that 
said anodizing, coating and detachment steps are 
carried out at successive positions around said 
drum. 



31- A process for providing a coating contain- 
ing at least one layer of vapour deposited material 
on a substrate which is unsuitable for vapour depo- 
sition coating, at least at a rapid rate, characterized 

5 in that said process comprises: 

providing a metal substrate made of a material 
selected from the group consisting of a valve metal 
and an anodizable valve metal alloy, at least at an 
exposed surface thereof; 

w subjecting said metal substrate to anodization at 
said exposed surface to form an anodic film of an 
oxide of said valve metal, said anodization being 
carried out, at least in limited areas of said surface, 
in the presence of an adhesion-reducing agent in 

75 order to make said film readily detachable from 
said metal substrate at least in said limited areas; 
coating said anodic film with at least one layer of 
inorganic material by a vapour deposition process 
to form a release film; 

20 attaching to said film said substrate which is unsuit- 
able for vapour deposition coating; and 
detaching said release film from said metal sub- 
strate. 

32. A process for forming an optical device 
25 made up of one or more layers of dielectric ma- 
terial and/or metal supported on a heat-sensitive 
substrate, characterized in that said process com- 
prises: 

providing a metal substrate made of a material 
30 selected from the group consisting of a valve metal 
and an anodizable valve metal allay, at least at an 
exposed surface thereof; 

subjecting said metal substrate to anodization at 
said exposed surface to form an anodic film of an 

35 oxide of said valve metal, said anodization being 
carried out, at least in limited areas of said surface, 
in the presence of an adhesion-reducing agent in 
order to make said film readily detachable from 
said metal substrate at least in said limited areas; 

40 coating said anodic film with at least one layer of 
dielectric material or metal by a vapour deposition 
process to form a release film; 
attaching to said film said heat sensitive substrate; 
and 

45 detaching said release film from said metal sub- 
strate. 

33. A released film comprising a layer of a 
valve metal oxide and at least one layer of vapour 
deposited inorganic material, characterized in that 

50 said released film has been produced by a process 
which comprises: 

providing a metal substrate made of a material 
selected from the group consisting of a valve metal 
and an anodizable valve metal alloy, at least at an 
55 exposed surface thereof; 

subjecting said metal substrate to anodization at 
said exposed surface to form an anodic film of an 
oxide of said valve metal, said anodization being 
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carried out, at least in limited areas of said surface, 
In the presence of an adhesion-reducing agent in 
order to make said film readily detachable from 
said substrate at least in said limited areas; 
coating said anodic film with at least one layer of 
inorganic material by a vapour deposition process 
to form a releasable film of desired structure; and 
detaching said releasable film from said metal sub- 
strate. 

34. A substrate unsuitable for vapour deposi- 
tion coating, at least at a rapid rate, having a 
coating thereon containing at least one layer of 
vapour deposited material, characterized in that 
said coated substrate has been produced by: 
providing a metal substrate made of a material 
selected from the group consisting of a valve metal 
and an anodizable valve metal alloy, at least at an 
exposed surface thereof; 

subjecting said metal substrate to anodization at 
said exposed surface to form an anodic film of an 
oxide of said valve metal, said anodi2ation being 
carried out, at least in limited areas of said surface, 
in the presence of an adhesion- reducing agent in 
order to make said film readily detachable from 
said metal substrate at least in said limited areas; 
coating said anodic film with at least one layer of 
inorganic material by a vapour deposition process 
to form a releasable film; 

attaching to said film said substrate which is unsuit- 
able for vapour deposition coating; and 
detaching said releasable film from said metal sub- 
strate. 

35. A process for producing a releasable film 
on a metal substrate, characterized in that said 
process comprises: 

providing a metal substrate made of a material 
selected from the group consisting of a valve metal 
and an anodizable valve metal alloy, at least on an 
exposed surface thereof; 

subjecting said metal substrate to anodization at 
said exposed surface to form an anodic film of an 
oxide of said valve metal, said anodization being 
carried out, at least in limited areas of said surface, 
in the presence of an adhesion-reducing agent in 
order to make said film detachable from said metal 
substrate, at least in said limited areas; and 
coating said anodic film with at least one layer 
inorganic material by a vapour deposition process. 

36. A combination of a metal substrate and a 
releasable film formed thereon, characterized in 
that said combination has been produced by: 
providing a metal substrate made of a material 
selected from the group consisting of a valve metal 
and an anodizable valve metal alloy, at least on an 
exposed surface thereof; 

subjecting said metal substrate to anodization at 
said exposed surface to form an anodic film of an 
oxide of said valve metal, said anodization being 



carried out, at least in limited areas of said surface, 
in the presence of an adhesion-reducing agent in 
order to make said film detachable from said metal 
substrate, at least in said limited areas; and 
s coating said anodic film with at least one layer 
inorganic material by a vapour deposition process. 
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